Abstract: Using annual data for the period 1970-2012, the study explores the relationship between globalization and CO 2 emissions by incorporating energy consumption, financial development and economic growth in CO 2 emission function for India. It applies unit root test for examining the stationary properties of variables in presence of structural breaks and employs the cointegration method proposed by Bayer-Hanck (2013) to test the long-run relationships in the model. The robustness s of cointegration result from the latter model was further verified with the application of the ARDL bounds testing approach to cointegration proposed by Pesaran, Shin and Smith (2001) . After confirming the existence of cointegration, the overall long run estimates of the estimation of carbon emission model points out that acceleration in the process of globalization (measured in its three dimensionseconomic, social and political globalizations) and energy consumption result in increasing CO 2 emissions, along with the contribution of economic development and financial development towards the deterioration of the environmental quality by raising CO 2 emissions over the longrun. This finding validates holding of environmental Kuznets Curve (EKC) hypothesis for the Indian context.
I. Introduction
Globalization being a worldwide phenomenon has been affecting each human being in every part of the world in their socio-economic-political aspects of the life. Globalization mostly links all the economies through trade in goods and services and foreign direct investment (FDI) and its consequences are numerous. This has got implications for the degree of openness, financial development, growth of real per capita income and environmental quality across the economies.
While each economy desires to achieve higher rate of per capita income growth through trade and investment, the process of achieving growth through industrialization and urbanization fortuitously gives rise to undesirable or unintended externalities such as pollution and thereby degradation of environmental quality, owing to intensification in the consumption of conventional forms of energy in major economic activities including industrial production activity. While energy consumption serves as a vital input into the production and economic growth, it has its side effects, by causing environmental pollutions in terms of release of carbon dioxide (CO 2 ) and sulphur dioxide (SO 2 ). The emissions of these pollutions have implications for global climate change and ecological imbalances and thereby can cause enormous economic damages and direct and indirect welfare losses for the civilizations on the earth. The effects of these emissions may result in dragging economic growth through their welfare retarding effects.
Hence, the effects of intensification in the use of energy for consumption and production activities, depend on its net impact on an economy whether its good outcomes dominate over the bad outcomes or vice-versa.
Higher the degree of openness (a measure of globalization) of an economy means increased external competitiveness and strong linkage of an economy in trade and investment (domestic and foreign) with rest of the world, which indirectly implies for higher economic growth. But while engaging in trade and investment activities, this also requires consumption of huge quantum of energy which releases more carbon dioxide. An effort towards reduction of carbon dioxide without exploration of substitutive clean energy implies the economy has to sustain with lesser degree of industrialization, lesser openness and lesser economic growth. Thus, the effect of globalization depends on the net effects of openness on economic growth as there could be a net effect of energy consumption on economic growth and also the effect of openness on energy consumption. This is because of their inherent dynamic relationships with each other. Since economic growth is associated with higher energy consumption and its qualitative impact on environment, unless one controls the openness variable in energy demand model, it is difficult to disentangle the effects of energy consumption on economic growth and similarly unless one controls for the energy consumption, along with openness and financial development, one can't disentangle the effect of economic growth on carbon emissions in carbon estimating model.
There is more likelihood of obtaining biased prediction about their dynamic relationships between these variables. Further, the degree of openness itself also depends on liberalization measures adopted by the concerned economies with regard to their trade and investments and ultimately also their degree of financial development.
Considerable studies have attempted to address how increased trade is directly or indirectly responsible for the environmental degradation and how all the dimensions of globalization affect the natural environments. Globalization contributes to economic growth through expansion of trade and investment flows between the countries and thereby affects the environmental quality in many ways that can adversely affect the economies when they persistently rely on export led growth strategies. Globalization accelerates the structural change by altering the industrial structure of countries as industries orient towards satisfying foreign demand for their products and this gives rise to increased resource use and atmospheric pollution levels. This in turn intensifies the market failures and policy distortions that may spread and exacerbate environmental damage. Globalization intensifies trade liberalization and trade related activities and those in turn affect the environment when all goods and services produced in the economy are directly and indirectly associated with uses of power and energy (oil products, natural gas), which are common to all the countries. According to the types of fuels utilized, correspondingly emissions levels are obvious.
The environmental degradation also further depends on the types of technology used in production. With technological sophistications, nations are putting efforts to extract energy from various renewable sources such as solar and wind powers and through cost effective ways. There remains to establish the link between technological innovations on the one hand and environmental quality and resource use on the other. A significant attention has been paid to the economic benefits of globalization but reasonable attention has not been paid to the social and environmental implications. Therefore, the paper attempts to address a crucial issue for a developing economy context -whether globalization as a result of international trade and investments has been always bettering for economies' growth and environment. We find that the energy consumption is a major contributing factor of CO 2 emissions. The economic growth along with financial development degrades the environmental quality. Globalization (especially the measure of political globalization and social globalization) impedes environmental quality.
While economic growth Granger causes CO 2 emissions, the opposite also holds true. Energy consumption and CO 2 emissions are interdependent and same relationship holds true for economic growth and energy consumption. The relationship between globalization and CO 2 emissions is bidirectional. Financial development Granger causes economic growth, energy consumption, globalization and CO 2 emissions.
I.I Indian Experience
India has undergone significant transformations during its phase of the post -liberalization period, 1990-91. The economy initiated a number of liberalization policies mainly owing to imbalances in its fiscal performance and current account performances of the BOP faced during the period of 1990s. India since independence has been importing oil and natural gas massively from the oil producing rich countries in the gulf to fulfill its huge increasing demand mainly on account of rising population, urbanization and industrialization. The sharp international demand pressures and frequent oil crises in the world economy mainly owing to international embargoes among the oil rich countries in the past, it has resulted in the increasing price of oil and its volatility which have economically dragged the economy to produce deficits in its current account performances of BOP.
India being a poor developing economy is believed to mostly compromises with its environmental standards in an effort to maintain its international competitiveness position at a high level and thus might have induced the economy to relatively engage in exporting more of pollution-intensive goods, or might have inwardly attracted more pollution-intensive foreign capital investments from other countries. There are theories which also widely believes that the developing economies might have developed comparative advantage in pollution-intensive industries and become 'havens' for the world's polluting industries (Siebert, 1977 , McGuire, 1982 , Copeland and Taylor, 1995 . However, the empirical evidences are not so strong in support of the 'pollution haven hypothesis'. This may be because India is one of the lowest greenhouse gas emitters in the world on a per-capita basis. It was emitting to the tune of 1.13 tons of carbon equivalents per capita in 2000 which is roughly one-fourth of the corresponding global average and now it has marginally gone up to 1.67 tons in 2010 on per capita basis. On the other hand, given the large size of the Indian economy, there has been faster growth of carbon emissions over the last decade from 69 percentage from 2000 to 2010, while its gross domestic output has grown at the rate of 110 percentage over the same time period. India is highly vulnerable to climate change, as large population are dependent on agriculture and natural resources and any adverse impact on these and related sectors due to environmental degradation and climate change will negate government's efforts to eradicate poverty and ensure sustainable livelihood for the population (Boutabba, 2014) .
One possible theoretical explanation in support of low carbon emitting developing economy is based on the factor endowments hypothesis. This asserts that factor endowment (or technology) determines a countries' comparative advantage and the polluting industries are typically capital intensive. Therefore, the polluting industries are more likely to be concentrated in capital abundant developed economies regardless of their differences in the environmental policy (Copeland and Taylor, 2004) . Nevertheless, the empirical evidence relating to this is also very scant. The previous empirical literature on this issue provides interesting and conflicting evidences; and the consensus is yet to reemerge. This motivates us to relate the energy consumption, openness, economic growth and carbon emissions for an emerging developing economy, India. This is one of the populous countries with lower per capita incomes, is currently pursuing to promote industrialization simultaneously along with the presence of flourishing service sector. The economy is highly relying on all the traditional sources of energy along with engaging rapidly with the world in trade, finance and foreign investments.
Given the above background, the main objective of this paper is to investigate a country specific dynamic relationship between globalization, CO 2 emissions, energy consumption, financial development and economic growth. This is mainly because of the empirical analysis at the aggregate level using multiple countries is unable to capture the complexities of the economic environment of each individual country. Therefore, we recommend that a country specific analysis will provide many inferences on the issue we are investigating. Furthermore, our choice of India as an empirical attempt is motivated by the fact that India is one of the fastest growing Asian economies and second most populous countries in the world with more than one billion population, which implies that its energy consumption and CO 2 emissions will continue to rise in the face of globalization in the future. The choice of the country is further motivated by the fact that India has been the world's fourth largest energy consumer (EIA, 2011), and world's third biggest emitter of CO 2 that accounts for more than 5% of global emissions (EIA, 2011). It is expected to believe that India's primary energy supply will increase by at least 3 to 4 times by 2031 with respect to the base financial year 2003 (Ghosh, 2010) , and the most carbon-intensive of non-renewable fossil fuel energy-coal is projected to continue to remain its dominating position in order to make energy price affordable. Hence, exploring the dynamic relationships between globalization, CO 2 emissions, energy consumption, economic growth and financial development in India enables the policymakers to design effective energy and environmental policies.
The remainder of the paper is structured as follows. Section II describes both theoretical and empirical literatures. Section III describes the data and model construction used in the analysis.
Section IV briefly describes the empirical methodological framework employed. Section V analyzes the empirical findings and their discussions. Finally, the concluding remarks and policy recommendations of our findings are outlined in Section VI.
II. Literature Review
Although existing empirical literature in this area provides many interesting insights, a consensus is yet to be reached. Grossman and Krueger (1991) On the other hand, globalization leads to the greater integration of economies and societies (Agenor, 2003 emissions. This implies that the adoption of energy conservation has no adverse effect on 
III. The Data and Model Construction
We have used the data on CO 2 
We have transformed all the variables into their natural logarithms following (Shahbaz et al.
[2013c]). The empirical version of our model is constructed as follows: 
The probability values of different individual cointegration tests such as Engle-Granger, (1987);
Johansen, (1995); Boswijik, (1994) and, Banerjee, Dolado and Mestre, (1998) are shown by
and BDM P respectively. To take decision whether cointegration exists or not between the variables, we follow Fisher statistic. We may conclude in favor of cointegration by rejecting null hypothesis of no cointegration once the critical values generated by Bayer and Hanck are found to be less than calculated Fisher statistics and vice-versa.
III.IV. The VECM Granger Causality
After examining the long run relationship in the model, we use the Granger causality test to determine the causality relationships among the variables from the application of vector error correction method (VECM). In case of cointegration between the series, the VECM can be written as follows: 
V. Empirical Findings and their Discussions
For investigating the cointegration among the variables in the carbon emission model, testing of stationarity of the variables is carried out as a prelude testing exercise. For this purpose, we apply the Augmented Dicky-Fuller (ADF) and Philip Perron (PP) unit root tests with presence of intercept and trend terms in unit root estimating equation. The results reported in 2000, 1998, 1978, 1991, 1999, 1990 and 1995 India almost follows the break date of India's higher growth around the period (1998) and the latter period is also consistent with break date for higher overall energy demand. All the break points show some sort of consistency in the pattern of economic events occurring in the Indian economy. However, this is to note that since all the variables are found to be stationary in their first differenced form, this implies that all the series are integrated of order one i.e. I(1). Thus, in overall, one can conclude that there is a long run relationship between CO 2 emissions, economic growth, financial development, energy consumption, and the overall index of globalization (including its three components, such as economic globalization, political globalization and social globalization) in India. The Bayer and Hanck (2013) combined cointegration approach is known to provide efficient parameter estimates but fails to accommodate the structural breaks in series, while investigating the cointegration among the variables in the model. This issue is further overcome by applying the ARDL bounds testing approach to cointegration in the presence of structural breaks following Shahbaz et al. (2013 Shahbaz et al. ( , 2014 . Since the ARDL bounds test is known to be sensitive to lag length selection and we have used the AIC criteria to select the appropriate lag order of the variables. It is reported by Lütkepohl, (2006) that the dynamic link between the series can be well captured with an appropriate selection of lag length of the model (Lütkepohl, 2006) . The optimal lag length results are reported in Column-2 of Table- 4.780 Note: The asterisks * and ** denote the significant at 1 and 5 per cent levels, respectively. The optimal lag length is determined by AIC. [ ] is the order of diagnostic tests. # Critical values are collected from Narayan, (2005).
After finding the existence of cointegration relationships among the variables, we have gone in for estimating the long run and short run impact of economic growth, financial development, energy consumption and globalization indices on CO 2 emissions. The long run results reported in Table-4 and ARCH problems in all the four models. The Ramsey reset test also shows that the functional forms are well specified. The stability of ARDL parameters is tested by applying cumulative sum of recursive residuals (CUSUM) and the CUSUM of square (CUSUM SQ ) suggested by Brown et al. (1975) . Hansen argued that misspecification of model may provide biased results that influence the explaining power of the results. The CUSUM and CUSUMsq tests are employed to test the parameters constancy. Further, Brown et al. (1975) pointed out that these test help in testing the gradual changes in parameters. The expected value of recursive residual is zero leads to accept that null hypothesis of parameter constancy. The plots of both CUSUM and CUSUMsq are shown by Figure-1 
The VECM Granger Causality Analysis
When cointegration is confirmed, there must be a uni or bidirectional causality among the series.
We examine this relationship within the VECM framework with inclusion of three different measures of globalization. Such knowledge is essential for formulating appropriate energy policies for sustainable economic growth. Table-6 reports the results on the direction of short run causality. We find that the feedback effect is evidenced between economic growth and energy consumption. In short run, the relationship between globalization and environmental pollution is independent in India. CO 2 emissions Granger cause energy consumption. Financial development Granger causes economic growth and economic growth in turn also Granger causes financial development. Economic growth Granger causes only the overall globalization and the components overall globalization measure are unrelated with economic growth. Note: *, ** and *** denote the significance at the 1, 5 and 10 per cent level, respectively.
VI. Concluding Remarks and Policy Recommendations
The study explored the relationships between globalization and CO 2 emissions by incorporating economic growth, energy consumption and financial development in CO 2 This finding reinforces the findings of Boutabba (2014) for the Indian context, where financial development strongly causes environmental pollutions. Although the long run estimates with respect to the relationship between economic measure of globalization on carbon emissions is observed to be negative as obtained from bounds test and non existence of short run relationship among them either with bounds test or VECM models, but in overall, the effect of overall globalization (which includes economic globalization, social globalization and political globalization) points out to environmental degradation for India.
The short run causality analysis also reveals that economic growth and CO 2 emissions are interdependent as there is a feedback effect relationship between the two. Energy consumption is
Granger caused by CO 2 emissions and the reverse also holds true. The relationship between globalization (economic globalization, social globalization and political globalization) and CO 2 emissions is independent. However, economic growth is Granger caused by the financial development and financial development Granger causes economic growth. Economic growth Granger causes only the overall globalization and the components overall globalization measure are unrelated with economic growth.
Thus, the financial development which comes up with higher economic growth and higher economic growth which comes up along with openness of the economy, instead of discouraging more energy consumption and thereby reducing carbon emissions, it is resulting in increased emissions and more pollution by encouraging more energy consumption for a developing economy like India. Since India is on a progressive economic path and is highly likely to play leading role in the areas of global trade and investments, therefore, this finding call for a proactive government policy strategy for a shift in energy consumption and reducing nation's greater reliance on the traditional forms of energies to using more clean and renewable forms of energy. Otherwise, given the high import intensive nature of these energy sources and their increasing demand to satisfy increasing population, India neither can have reasonable control over the emissions and thereby the environmental degradation and nor can immediately solve its current account imbalances and reduce the proportion of population trapped in poverty and malnutrition.
Considering the relationship between the overall measure of globalization (including its three component measures) with CO 2 emissions, the study arrived at some quite interesting results that the economic globalization is trying to put self controls on carbon emissions while the social and political globalization are still contributing to carbon emissions as a result that might be driving out the direct relationship between overall globalization and environmental degradation. The former result may be because of the dynamic relationships inherent between economic globalization and economic growth. As the economies progress towards higher stages of development by adopting various strategies including export led growth strategy, and after they attain certain threshold levels of per capita income growth or economic progress, they become self-conscious about the harmful consequences of the effects of globalization and try to limit on their carbon emissions. This finding for India could also be explained through Porter's Hypothesis. The hypothesis states that as income increases with trade openness, developing countries tend to impose stricter environmental regulations on themselves to adopt environmentally-friendly production patterns, resulting in reduction in pollution and improvement in competitiveness (Porter and Van der Linde 1995, Mani and Wheeler 1998). At the same time, as there are conflicts of interest among economies on account of political and social differences across different segments of population in different geography and society, there is no social and political consensus on how to limit and who should limit on the carbon emissions. These social and political responsibilities of controlling the carbon emissions seem to fall on no man's land despite significant debates and efforts to have a consensus agenda. This becomes the responsibility of global community to address and sort out the problems for a sustainable ecology for every future living being on the earth.
